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RESEARCH MEMORANDUM

THE VERTICAL-TAIL LOADS MEASURED DURING A FLIGHT
INVESTIGATION ON A JET-POWERED BOMBER AIRPLANE

: By T. V. Cooney
SUMMARY

Results are presented of a flight investigation conducted on a Jet-
powered bomber alirplane to determine the vertical- ta2il loads. Strain-
gage measurements were made of the £in and rudder loads in abrupt rudder
kicks, and in gradual sideslip maneuvers.

The basic aerodynamic parameters, CLa and Crg, for the vertical

tail were determined from time-history measurements of vertlcal-tail
load, sideslip angle, rudder position, and yawing velocity in abrupt
rudder kicks by a procedure involving a least-squares solution.

At the first peak load in the rudder kicks the rudder load was
about 42 percent of the total vertical-tail load and the fin load weas
58 percent of the total load, while at the time of maximum sideslip
angle the rudder load was 28 percent of the total load and the fin load
in the opposite direction from the rudder load was 128 perceant of the
total. The total vertical-tail locad measured in gradual sideslips was

small. However, during these maneuvers the rudder load was l— times
the total (net) load while the fin loed, in the opposite direction, was

2%-times the total vertical-tail load.

Estimates of the vertical-tail-surface loads in an abrupt-

rudder-reversal maneuver are made by using the parameters derived
from the flight tests.

INTRODUCTION

The theoretical and experimental investigations which have been
carried out in recent years have contributed to the understanding of
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the problems involved in the design of vertical tail surfaces. Some of
the more recent analytical studies have been concerned with the deter-
mination of the sideslip angles and rudder deflections which can be
attained in various types of maneuvers. (See refs. 1, 2, and 3.)
Flight measurements of the vertical-tail loads and a comprehensive
study of the factors affecting the loads and the distribution of load
on the vertical teil of a fighter-type alirplane are presented in ref-
erence 4. Reference 5 gives a comparison of the vertical-tail loads
measured in flight tests with the loads calculated from the f£light
measurements of sideslip angles and rudder deflections and the aero-
dynamic parsmeters obtained from charts of reference 6. The recent
flight investigations, however, including those reported in refer-~
ences 4 and 5, are concerned exclusively with fighter-type aircraft,
and the questlion has arisen as to whether or not the same considerations
hold true for larger alrplanes.

In order to obtain information on the vertical-tail loads experi-
enced by a bomber-type alrplane, a flight investigation was carried
out with & B-45A. Strain-gage measurements were made of the loads
encountered by the vertical tail surfaces in abrupt rudder-kick maneu~
vers and in gradual sideslip maneuvers. The loads measured under these
conditions of flight are presented in this paper together with the results
of an anslysis of the data to determine parameters which are involved in
the design of vertical tail surfaces.

Particular attentlon is given to a discussion of the method used
for extrascting the vertical-tail basic aerodynamic pasremeters, cLa

and Crg, from the flight data obtained in rudder kicks. The portion

of the total vertical-tail load carried by the fin and rudder 1ln the
various maneuvers was &lso determined and is presented. An estimate is
made of the loads on the vertical tail surfaces in an abrupt rudder rever-
sal maneuver. The estimates are based on messurements made during this
flight Investigation and are compared with the limit design loads.

SYMBOLS
v true airspeed, ft/sec
M - Mach number
q dynamic pressure, lb/ft2
Ly yertical-tail aerodynamic load, 1b
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rudder serodynaemic load, 1b
fin aerodynasmic load, 1b

rudder deflection, deg

angle of attack at vertical taill, deg
sldeslip angle, deg

yawing velocity, rad/sec

rolling velocity, rad/sec

tail length (distante from center of gravity to rudder
hinge line), ft

vertical-tail area, £t2

rate of change of vertical-tall 1ift coefficient with angle
of attack '

rate of change of vertical-tall 1ift coefficient with rudde
deflection '

first peak load in a rudder kick, the deflection load, 1b

second peak loasd in a rudder kick, the dynamic load, 1b

rate of change of vertical-tail load with sideslip, gEE
B

rate of change of verticsl-tail load with rudder deflection,
BLV

£

rate of change of vertical-tail load with yawing velocity,
oLy

o

With any of the sbove symbols, the prefix A represents an incre-

ment measured from the trim condition.
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APPARATUS AND TESTS

Airplane.- A photograph of the test airplane, a B-45A, is shown
in figure 1, and figure 2 shows & three-view drawing with some perti-
nent dimensions. For this investigation the airplane take-off weight
was approximetely 65,000 pounds and the welght on landing was approxi-
mately 50,000 pounds. The center of gravity varied less than 1 percent
mean serodynemic chord due to fuel consumption during the periocd of time
required for the test runs, and the epproximate center-of-gravity posi-
tion during the test maneuvers was 28 percent mean aerodynamic chord.
Figure 3 shows the vertical-tall configuration and the approximate loca-
tions of the strain-gage bridges. Alsco included in figure 3 1is a table
of the geometric characteristics of the vertical tail surface.
' Instrumentation.- For this investigation, standard NACA recording
instruments were installed in the airplane to obtain measurements of
alirspeed, altitude, sideslip angle, control positions, linear accelera-
tlons, and angular veloclties. Strain gages were employed to measure
loads end the output from the strain gages was recorded on an 18-channel

oscillograph. A %3-—second time pulse was used to correlate the records
of all recording instruments. The airspeed head was located on a boom,
at the tip of the left wing, and extended approximately one local chord
length ahead of the leading edge. The results of a flight calibretion
of the alrspeed system for position error and an analysis of availasble
data for a similar installation indicated a Mach number error of less
than 40.01 throughout the test range. The sideslip-angle transmitter
was located on a boom at the right wing tip for the gradual-sideslip
flights and on & boom extendling forward of the nose of the airplane for
the rudder-kick flights. Nelther installation was calibrated for inflow
effects; however, errors due to these effects are considered to be mini-
mized since the results are presented as incremental sideslip angles.
For the ebrupt maneuvers, no correction has been applled to the sideslip-
angle measurements for the errors due to the location of the transmitter
forward of the airplane center of gravity since the errors in mesasure-
ments due to this effect are estlmated tc be within the accuracy of the

instrument.

The structural loads Ig from the straln-gege measurements were
converted to serodynamic loads La by the addition of an inertia load
Ly as Indicated by the equation: Ijp = Lg + L. The inertia load is
equal to the welght of the tail outboard of the straln-gage station
multiplied by the transverse acceleration measured at the root of the
vertical tail.
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Flight tests.- The flight investigation consisted of rudder-kick
maneuvers performed in the Mach number range from 0.40 to 0.Th at
30,000 feet and gradual sideslips in the Mach number range from 0.30
to 0.76 at two altitudes, 20,000 feet and 30,000 feet.

In the rudder-kick maneuvers, the rudder was displaced abruptly and
then held in the displaced position while the sideslip angle increased
t0 & maximum value corresponding to the rudder deflection. No appreci-
able change in airspeed or altitude occurred during these maneuvers.

The sideslip msneuvers were performed by graduslly increasing the
sldeslip in nonturning flight while the alrspeed was msintained constant.
In 211 the sideslip maneuvers the sideslip angles were increased until
limited either by rudder-pedal travel or by pilot effort. In these
maneuvers nearly steady sideslipping conditions prevailed at each instant

since the change in sideslip angle was less than'%P per second. At the

start of both the rudder kicks and the gradual sideslips, the alrplane
was in the clean condition and trimmed for steady £light.

RESULTS AND DISCUSSION

Rudder.Kicks in Level Flight

Time historles of the various quantities measured in a typical
rudder kick are shown in figure 4. As seen in this figure the rudder
was klcked sbruptly and then held until after the sideslip angle reached
a maximum value. The first pesk vertical-tail load (Lvl in fig. h)

will be called the "deflection load" as in reference 6 and the second
peak load (ng in fig. h) will be called the "dynemic load."

For a rudder kick in level flight the increment in vertical-teil
Joad over the value of steady load prior to the msneuver can be expressed
by the following equation:

ALy = Iyg &P + Lyg OB + Lyy AY (1)
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where

<

Iys,. = Cig%Sv L (2)

Ivy = CLo3Sv 3
. [,

If there was appreclable roliing motion present, another term
va Ap would have to be added to account for the angle-of-attack

increment contributed by the rolling velocity. Since only incremental
vertical-tall loads are considered throughout this paper, effects of
fin offset or any other unsymmetry built into the airplane which would
affect the absolute value of the vertical-teil loads do not appear in
the equation. '

From the mggsurements of-vertical-tail load, sideslip angle,
rudder posltlon, and yawlng velocity such as those shown in the time

history of figure lL; readings were made of each quantity at é%——second

intervals. Each reading was then subtracted from the value of the
corresponding measurement which existed at the start of the maneuver
(time, 0.3 sec, in fig. 4). The incremental values thus obtained were
substituted into equations of the form of equation (1) which were then
solved by a least-squares procedure for the coefficients LVB’ Lvar,

and Lvi. The é%u-second increment for reading the records was chosen
0]

for convenience; however, any increment other than é%-second could have

been selected. It is necessary to have the number of readings large in
comparison with the number of unknown coefficients to be evaluated
because the accuracy of the determined coefficients increases as the
number of readlngs increases.

The method used to solve for the coefficlents of equation (1)
assumes that there is linear dependence of the incremental vertical-taill
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load on the sideslip angle, rudder deflection, and yawing velocity

and that these three variables adegquately define the vertical-tail
angle of attack at any instant. The validity of these assumptlons is
indicated in figure 5 where the measured incremental load from figure 4
1s compared with the vertical-tail load computed by using equation (1)
and the coefficients determined by the method outlined.

From figure 5 it can be seen that the magnitude of the vertical-
tail load is duplicated throughout the maneuver; hence, it may be
concluded that B, 8y, and ¥ are the only important influencing

varisbles. Values of LVB,ﬂ LVSr’ and LV%' were obtained from the

solution of equations of the type of equation (1) for each of the
26 rudder-kick runs made at the various values of dynamic pressure and _
rates of rudder deflection. . !

From equations (2), Cr, end Crgy may be calculsted as !

I i

CLQ, = E‘ST-VE (3) ‘

and I
Cis = e v () 1

if the assumption is made that the sidewash factor aV/B is equal to

unity. The vertical:-tail ares used here is the shaded srea in figure 3
which is the portion of the vertical tail outboard of the strain-gage
location.

The variation of CIo &and Cry with Mach number as determined

. from equations (3) and (4) is shown in figure 6. The increase in 1lift-
curve slope CL, with Mach number which is evident in figure 6 is of

the magnitude to be expected from the commonly used compressiblility
correction factor —L—. However, the values of Cr, shown in fig-
2 .
1-M

ure 6 as well as the magnitude of the variation with Mach number are
dependent on the assumption that mv/B is equal to unity. An additional

-
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conslderation is the fact that all the flight measurements were mede at
one altitude and the changes in Mach number in figure 6 also correspond
to changee in airplane 1ift coefficient as well. Experimental informa-
tion given 1n reference 7 indicates that the effective vertical-tail
l1ift-curve slope decreases with increasing angle of attack.

The vertical tall has a geometric aspect ratio of 1.35 but due to
the end-plate effect of the horizontal tall it has an effective aspect
ratio of 2.08 determined by multiplying the geometric value by 1.55
according to reference 6. Corresponding to this effective aspect ratio,
figure 3 of reference 6 would indicate a lift-curve slope of 0.0u45
whereas the value of Cr, shown in figure 6 for the lowest test Mach

number is 0.029.

Since there is no appreciable variation in CLs with Mach number
shown in figure 6, and since Cr, Increases with increasing Mach num-
ber, rudder effectiveness CLQ/CLu is reduced with increasing Mach

number.

Deflectlon load.- In an abrupt rudder kick the first peek vertical-

tail load usually occurs before the airplane has had a chance to side-
slip. When this 1s the case B and ¥ are zero and equation (1) reduces

to

ALy = Alyy = Lyg  ABr = CLg A8r Sy (5)

The increment in vertical-tail deflection losd ALVI was divided

by the rudder deflection responsible for it and this ratio is plotted
ageinst the dynamic pressure of the maneuver 1n figure 7. In this fig-

ALy
ure each polnt represents the value of Zg—l determined for one rudder-
r
kick run including various rates of rudder deflection from 20° per second
to 500 per second. In each case, however, the rudder rate was sufficiently
great to allow the load to reach a peak value while the alrplane was still
ALVl
r
of the 1ift coefficient due to rudder deflection Cry multiplied by the
vertical-tail area. The solid line in figure 7 shows how the value of
CLSSV previously obtained from the least-squares analysis considering

the entire rudder-kick run compares with the peak "déflection" load
divided by the rudder deflection.

undisturbed in sideslip. The variation of with q 1s a measure
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Although chordwise distributions of load were not measured, the
rudder hinges were instrumented so that the load carried by the rudder
and transmitted through the hinges was measured. The measured lncre-
mental rudder load for the first load pesk In rudder kicks is plotted
against the incremental total vertical-tail load in figure 8. It can
be seen from this figure that for the so-called deflection load, 42 per-
cent of the total load 1s carried by the rudder and 58 percent is carried
by the fin. The rudder carries a constant percent of the total load for
various dynamic pressures and for Mach numbers up to M = O0.TL.

Dynemic load.- The second peask load of figure 4, called the dymamic
load, coincides with the time of occurrence of the greatest sideslip
engle in rudder-kick maneuvers where the rudder was deflected abruptly
to some position and then held until after the peak sideslip angle was
attained. At the time of greatest sldeslip angle AV 1is approximately

equal to zero, and equation (1) reduces to

Aly = Alyy = Iyg AB + Lyg  ABr (6)

From equation (6) it can be seen that the dynamic load is made up of a
component of the load due to sideslip and a component due to the deflected
rudder. These two loads act in opposite directions. If the rudder were
to be returned to zero at gny time during the maneuver after the sideslip
had begun to build up, the resultant load would be greater since the
relieving load dvue to the deflected rudder would be absent. A still
greater load would be obtained if the maneuver were checked by reversing
the rudder at the time of maximum sideslip.

Equation (6) can also be written as

ALVE I ABmax
X B

- + LVsr - (T)

which expresses the dynsmic load per degree rudder deflection in terms
| ABmax
NS,
sideslip angle resulting from a given rudder deflection. The magnitude
ABmax
Jater

and is generally from 1.5 to 2.0 times the value resulting in steady side-
slip maneuvers where the yawing velocity is zero. For the test airplane,

of the coefficients LVB and LVSr and the term the maximum

of for an abrupt maneuver depends on the airplane damping in yaw
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A
Pmax .. tne rudder kicks to the value of 2B 1in side-
Abq by

slips was found from the flight tests to be approximately 1.5.

the ratio of

The variation of the dynamic load per degree rudder deflection with
g for each rudder-kick run is shown in figure 9. The variation of the
incremental rudder load with the incremental total vertical-tail load
is shown in figure 10. It can be deduced from figure 10 that for the
dynamic load the rudder carries approximately 28 percent of the total
load and since the fin load acts in the opposite direction it carries
128 percent of the total load.

Gradual Sideslips

The gradusl-sidesllp maneuvers performed in this investigatlon were
not strictly steady-state maneuvers; however, the rate of increase of
sideslip was so low that the yawing velocity was negligible and the air-
plane could be considered to be in a balanced flight condition. In each
of the sideslip maneuvers performed the pilot gradually increased the
gideslip until he was prevented from further Iincreases by limiting rudder-~
pedal travel or maximum rudder-pedal travel limited by pilot effort. At
the test altitudes, the loads and control deflections obteined in the
sideslip maneuvers were therefore the greatest obtainable by the pilot
in this type of maneuver. Full rudder-pedal travel did not result in
full deflection of the rudder due to cable stretch. A time history of
the various quantities measured in & representative sideslip maneuver is
shown in figure 11.

To maintein equilibrium at each instant in a steady sideslip condi-
tion, there 1s a definite relationship between sideslip angle and rudder
position which is a characteristic of a given alrplane. The particular
rudder position is that needed to provide the vertical-tall load neces-
sary to balance the alrplane yawing moment in sideslip.

Because of this interdependence of the rudder position, sideslip
angle, and vertical-tsill load, the aerodynamic coefficients LVB and.

so forth cannot be deduced from the graduasl-sideslip data as was done

in the case of the rudder kicks. To further explain this point, consider

equation (1) when the yawing velocity is zero: ALy = LVBAAB + LV6 LB
) r

For any glven position of the rudder there is a resulting sideslip angle
and vertical-tall load. For any other position of the rudder the airplane
would assume another sidesllip angle which would result in a new value of
vertical-tall load. Xach term of the equation which -represents this sec-
ond condition will be a multiple of the corresponding term in the equation
which represents the first condition, except for small errors due to

r
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~imaccuracies in the-various measurements. The resulting equations which -

would be written if a least-squares solution were attempted would then
be redundant.

For the B-45 airplene the maximum velues of the ilncrementsl fin,
rudder, and total vertical-tail loads obtained in the gradual-sideslip
maneuvers at various Mach numbers and st two altitudes are shown in
figure 12. It can be seen from figure 12 that the fin and rudder loads
are in opposite directions and that the rudder carries approximately

1% times the total load, and the fin carries 2% times the total load. °

The incremental rudder deflectlon and sidesllp engles associated .
with these maximum values of load are presented in figure 13. It can
be seen from figure 13 that at 20,000 feet the rudder angle available
was reduced from 20° at M =0.32 to 6° at M = 0.76 due to ceble
stretch and limiting pilot effort. At the same time the sldeslip angles
resulting from these rudder deflections were 12.5° at M = 0.32 and
3.5¢ at M = 0.76. Slightly greater rudder deflections and sideslip
angles were obtalned at 30,000 feet at a given Mach number since the
loads and rudder forces were smaller under these conditions.

The variation of sideslip angle with rudder deflection for M = 0.60
at two altitudes, 20,000 feet and 30,000 feet, is shown in figure 1k.
From this type of plot, the rate of change of sideslip anglé per degree

rudder deflection %%" was determined and 1s shown plotted against Mach
r

number in figure 15.

Figure 16 shows the variation of measured increment in fin and
rudder load per unit g with increment ir sideslip angle at M = 0.60
for altitudes of 20,000 feet and 30,000 feet. The variation with Mach
nunber of the incremental vertical-teill load and the incremental fin and
rudder loads per unit dynamic pressure and unit sideslip angle for the
two altitudes is shown in figure 17. Each point in figure 17 represents
the slope of the curve of measured load per q plotted against sideslip
angle as shown in figure 16.

Estimated Vertical-Teail ILoads in an
Abrupt-Rudder-Reversal Maneuver

During the flight investigation rudder kicks and gradual sideslips
were selected as the test maneuvers since they would provide the desired
loads and control-position measurements without resulting in critical
loads on the vertical taill surfaces. From these maneuvers sufficient
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information was obtained for estimates to be made of the loads to be
expected on the vertical tail surfaces 1n more critical maneuvers.

A horizontal-plane maneuver which would result in both maximum fin
loads and maximum rudder loads is one in which the rudder is ebruptly
deflected to its limiting position and then held until maximum sideslip
is developed at which time the rudder is returned through neutral to
full opposite deflection. Figure 18 illustrates the loads which might
be expected to result from this hypothetical maneuver. The fin and
rudder loads as well as representative type load distributions et four
stages of the maneuver are shown in figure 18. The loads shown in the
figure apply at altitudes of 30,000 feet and were calculated by using
the maximum rudder positions, sldesllp angles, and vertical~tail 1ift
coefficients previously determined from analysis of the flight measure-
ments. For comparison, the limit design loads calculated by the manufac-
turer using the applicable loading requirements are included in figure 18.
It can be seen from the figure that the locads obtained by application of
these requirements would not be exceeded in this hypothetical rudder-
reversal maneuver at 30,000 feet. Since the amount of rudder deflection
available to the pilot and, therefore, the maximum sideslip angles which
result are proportional to the dynamic pressure, it 1s to be expected
that the 1limit loads would not be exceeded in this type of maneuver at
altitudes other than 30,000 feet.

CONCLUDING REMARKS

The basic aerodynamic parameters, cLa and CLS’ for the vertical

tall were determined from time-history measurements of vertical-tail
load, sldeslip angle, rudder position, and yawing velocity in rudder
kicks by a procedure involving a least-squares solution. The magnitude
of Cr, obtained from this analysis is dependent on the assumed value

of the sidewash factor, mV/B.

In rudder kicks, the rudder load was 42 percent of the total
vertical-tailil load and the fin load was 58 percent of the total load at
the first peak load, while at the second peak load the rudder lcad was
28 percent of the total load and the f£in load was 128 percent of the
total, in the opposite direction.

The total veritical-tail loads measured in gradual sideslips were

smaell. However, during these maneuvers the rudder load was 1% times
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the total (net) load while the fin load was Eé-times the total (net)
load, in the opposite direction from the rudder loed.

Estimates of the vertical-tail-surface loads in an sbrupt-rudder-
reversal maneuver were made by using the parameters derived from the
flight tests. At an altitude of 30,000 feet the fin and rudder loads
were found to be less than the limit design loads for the test airplene
during this type of maneuver.

Lengley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.



14 o | S NACA EM L52G21

REFERENCES

1. Czaykowski, T.: Dynamic Fin and Rudder lLoads in Yawing Manoeuvres.
Rep. No. Structures 76, British R.A.E., June 1950.

2. White, Maurice D., Lomax, Harvard, and Turner, Howard L.: Sideslip
Angles and Vertical-Tail Loads in Rolling Pull-Out Maneuvers.
'NACA TN 1122, 1947.

3. Clousing, Lawrence A.: Research Studies Directed Toward the Develop-
ment of Rational Vertical-Tall-Load Criteris. Jour. Aerc. Sci.,
vol. 24, no. 3, March 1947, pp. 175-182.

b, Boéhar; John: Flight Investigation on a Fighter-Type Airplane of
Factors Which Affect the Loads and Load Distributions on the Verti-
cal Tail Surfaces During Rudder Kicks and Fishtalls. NACA Rep. 885,
1947. (Formerly NACA TN 139%4.)

5. Turner, Howard L.: A Comparison With Flight Data of Vertical-Tail
Loads in Various Maneuvers Estimated From Sideslip Angles and Rud-
der Deflections. NACA RM ATF25, 194T.

6. Pass, H. R.: Analysis of Wind-Tunnel Data on Directional Stability
and Control. NACA TN ‘775, 19k0.

T. Dingeldein, Richard C.: Full-Scale Tunnel Investigation of the Pres-
sure Distribution Over the Tail of the P-4TB Airplane. NACA
ARR 3E25, 19k3.



NACA RM L52G21

Hid

-; |"F|'H m [} “'ihl'hu-...

* Flgure l.- Photograph of test ailrplane.




16

NACA RM L5_2G21
e 757 3- 3/4
M
3
@\ p
= o
. Y]
i
’ - 43’/0-3/8"
[ — 89‘ //le 7|
= O—(P O —
N S 1

Figure 2.- Three-view drawing of test ailrplane.



NACA RM L52G21

Alrfoil section at root
Airfoil section at tip

e

\}

\

\

VERTICAL-TAIL GEOMETRY

Rudder and tab area, sq ft . . . . « . « « . .

Total area of vertical tail extending above

strain-gage location,

eg £t . . . .+ . . . . .

Span extending above horizontel teil, in. - e
Location of strein-gage bridges above horizontal tail, in. . . . 13.6
Chord at attachment to horizontal tail, in. .

Chord at tip, in. . e
Fin offset, deg o o .

7

[ Rudder fuwrge

X Approxumale focz?r0n of

Sty -gag€ éwa’yes

.« . . .- HACA 65,-012

NACA 65-010
28

96
S o)

B £ 5
64

e e e e e e s e 0

Figure 3.- Vertical tail surface of test airplane.
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Flgure T.- Variation with dynsmic pressure of the deflection load,
per degree rudder deflection compared with sverage value of
coefficient LVSr obtalned from least-squarse analysis.
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Figure 8.- Varlation of incremental rudder load with incremental total

vertical-tall loed for first peak load in rudder kicks.
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Figure 9.- Variation with dynamic preseure of the dynamic load per degree
rudder deflection
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Figure 10,- Variatlon of incremental rudder load with incremental total
vertical-taill load for second peak load in rudder kicks.
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Figure 1l1i.- Time history of.the various quantities measured during a
gradual sideslip. Approximate altitude, 20,000 feet; Mach number,
0.62.
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Flgure 13.- Variation with Mach number of the maximum incremental rudder
deflections and sideslip angles measured in gradusl sideslips at two
altitudes.
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Figure 14%.- Variation of incremental sideslip engle with incremental
rudder angle in gradual sideslips at two altiltudes.
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Figure 15.~ Variation with Mach number of the aideslip angle per degree

rudder deflectlon measured in gradual sideslips at two altitudes.
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Figure 16,- Variation with :_ncrementa.l sideslip angle of the incremental
fin and rudder loads for unit dynamic pressure meesyred in gradual
8i1deslips at two altitudes.

0t

TeHeeT WE YO




NACA RM L52G21

N O
N
N
Q\-/o
B
\Q«-Z.O
3 N
\% 20
&\\J
> N
S ~ /0
XY
3 &
S o
N
e /0
S 3
}S‘ﬂo
-2.0
-30

S 31

j)é-b')-)-ﬂeeg

7}'0/“0]/
O 20000 It
® 30000/7
1
> O 5 C Yeg'e
| | !
Tudzer |
© o |
s CtP P
T
f£7/7 .
_ l
Z 3 A 5 6 7 .8

Mack runber

Figure 17.- Variation with Mach number of the increment in total, fin,
and rudder loads for unit dynemic pressure and unit sideslip angle
measured in gradual sideslips at two altitudes.
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Fgure 18. Calculated fin and rudder aerodynsmic loads which would
result at four stages of a maneuver performed by sbruptly deflecting
the rudder to the limiting position, holding until maximm sideslip

is reached, then reversing rudder. Altitude 30,000 feet.
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